Summary
Introduction
The cells of many tissues and organs in vivo are maintained in a non-proliferating state (G0/G i). However, such cells remain viable and can be induced to resume DNA synthesis and cell division when exposed to external stimuli such as hormones, antigens or growth factors. In this manner the growth of individual cells is regulated according to the requirements of the whole organism. The elucidation of the molecular mechanism by which these mitogens regulate growth and differentiation at the cellular level may prove crucial to understanding both the normal proliferative response and the unrestrained growth of cancer cells.
Many studies of growth factors have used cultured fibroblasts, such as murine 3T3 cells, as a model system. These cells cease to proliferate when they deplete the medium of its growth-promoting activity, and can be stimulated to re-initiate A central problem in understanding the molecular basis of the potent mitogenie response initiated by bombesin is to elucidate how the occupied receptor communicates with effector molecules in the cell. Transmembrane signalling mechanisms involving either a tyrosine kinase or a guanine nucleotide-binding regulatory protein (G protein) have been proposed to couple growth factor receptors to intracellular effectors (e.g. see Rozengurt, 1986 ). Bombesin stimulation of tyrosine phosphorylation has been reported (Cirillo et al. 1986; Gaudino et al. 1988) and the possibility that bombesin receptor signalling is associated with this kinase activity was raised. However, bombesin associated tyrosine kinase activity was not detected by another laboratory (Isacke et al. 1986 ) and the molecular weight of the tyrosine phosphorylated band does not coincide with that of the putative receptor identified by affinity cross-linking in intact cells or membrane preparations (see below).
It was suggested that a pertussis toxin-sensitive G protein could couple the bombesin receptor to the enzymes, which hydrolyze polyphosphoinositides (Letterio et al. 1986). However, the demonstration that pertussis toxin did not inhibit bombesin stimulation of inositol phosphate formation, Ca2+ mobilization or activation of protein kinase C in Swiss 3T3 cells (Zachary et al. 1987b), did not support this hypothesis. These experiments did not rule out, however, the possibility that another class of G protein, which was insensitive to pertussis toxin, might be involved in the pathway of polyphosphoinositide breakdown and activation of protein kinase C.
Evidence for the role of G proteins in signal transduction pathways can be obtained by assessing the effects of guanine nucleotide analogues on both receptor-mediated responses in permeabilized cells and ligand binding in membrane preparations. In what follows we summarize our experimental evidence indicating that a G protein(s) is involved in the coupling of the bombesin receptor to the generation of intracellular signals related to mitogenesis.
Protein phosphorylation in permeabilized cells
One of the most striking events induced by bombesin and structurally related peptides is a rapid increase in the phosphorylation of an acidic cellular protein of apparent Mr=80 000 (termed 80 K) which is a prominent substrate of protein kinase C in Swiss 3T3 cells ( from Swiss 3T3 cell membranes by using the detergents taurodeoxycholate or deoxycholate. These detergents promoted ligand-receptor solubilization in a dose-dependent manner. In contrast, a variety of other detergents including Triton X-100, octylglycoside, CHAPS, digitonin, cholic acid and ra-dodecyl-/i-D maltoside, were much less effective. A typical experiment is shown in Fig. 2 . Membrane preparations from Swiss 3T3 cells were incubated with [125I]GRP and then freed of unbound ligand by centrifugation. The membrane pellet was resuspended in a solution containing 0.5 % deoxycholate and incubated for 30 min at 4°C. The solubilized material was separated from the non-extractable material by centrifugation for 60 min at 100 000 g and chromatographed on a Sephadex G-200 column at 4°C. Fig. 2A shows that a sharp peak of radioactivity was eluted with an apparent molecular weight of 190 000, while the remaining radioactivity co-eluted with free [125I]GRP. The peak of radioactivity eluting near the void volume of the G -200 column was abolished by adding an excess of unlabelled bombesin together with [125I]GRP during labelling of the membrane (Fig. 2) . This experiment indicates that only a partial dissociation of the solubilized ligand-receptor complex occurred during the chromatographic separation and suggests that the ligand-receptor complex is physically associated to other proteins. This possibility was tested more stringently by using a higher detergent concentration (0.25% instead of 0.1%) during the chroma tography. To circumvent the extensive dissociation of [125I] GRP that occurs at this detergent concentration, the ligand was cross-linked to the receptor prior to solubilization. Fig. 2 (inset) 
Conclusions
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